Introduction
It has been known for some time that the transverse stability limit of a particle beam in a vacuum chamber can be obtained from the measurement of the beam response to RF excitationl). By the same means one can obtain the coupling impedance of the vacuum chamber2,3), but the method proposed is very sensitive to measurement errors as it requires analytic continuation of measured data.
In this paper we describe a simpler approach, which has become possible since the distribution of particles over betatron frequencies can be measured with the transverse Schottky scan4), at least if the amplitude is independent of momentum.
Theory
The equation of It is convenient to introduce a normalized distribution function F(4) with unit area and unit halfspread5). We then get a normalized response (14) i.e. the inverse of the normalized dispersion integral yields the stability limit.
If we introduce the coupling impedance into equation (6) A plot of R*(w) in the complex plane thus yields a shifted stability limit. The shift is proportional to the coupling impedance, to the beam current, and inversely proportional to the spread. By changing the beam current of the spread, we can measure the coupling impedance.
Experimental Results
We have applied this method to measure the transverse coupling impedance in the ISR. We obtain the absolute calibration for the response from the normalized dispersion integral which is computed from Schottky scan data. We then measure phase and amplitude response of the beam with a swept-frequency generator for one or more values of chromaticity for the same beam (see fig. 1 and 2 ). After subtraction of the cable delays, we then plot real and imaginary part of the inverse response on a scale chosen to give the same area for the shifted curves ( fig. 3) as the calculated one. For low frequencies, the spread is approximately S = I1Q1 ( p) full' where Q' = dQ/dp/p, so equa- In principle, it should also be possible to excite the beam longitudinally and thus obtain the longitudinal coupling impedance. Experiments in this direction have not been very successful so far because of high noise levels, but are being continued.
Instead of using a swept frequency signal, one can also excite the beam with noise8) and obtain the response instantaneously as a Nyquist diagram. This method has been tested successfully, and may become an operational facility at the ISR.
(17)
The beam was excited near the n = 9 mode (110 kHz). For increased accuracy, we obtained AR* from the shifts measured with several chromaticities (see fig. 3 ). 5 ). By using the 50 MHz feedback system to stabilize the lower modes, the range can be extended to over 60 MHz before accuracy is lost.
Conclusion
The direct measurement of the transverse coupling impedance seen by a particle beam in a vacuum chamber is possible by measurement of phase and amplitude of the response to a transverse excitation. The method is most easily applied at low frequencies, where it becomes most sensitive when one reduces the chromaticity as much as possible without losing the beam. At higher frequencies, one can use a feedback system to stabilize the beam at lower modes, and thus extend the measurement. 
